Background: Most intrahepatic cholangiocarcinoma (ICC) patients experienced tumor recurrences even after curative resection, but the optimal cut-off time point and the specific risk factors for early and late recurrences of ICC have not been clearly defined. The objective of the current study was to define specific risk factors for early and late recurrences of ICC after radical hepatectomy. Methods: Included in this study were 259 ICC patients who underwent curative surgery at our hospital between January 2005 and December 2009. Recurrences in these patients were followed-up prospectively. Piecewise regression model and the minimum P value approach were used to estimate the optimal cut-off time point for early and late recurrences. Then, Cox's proportional hazards regression model was used to identify specific independent risk factors for early and late recurrences. Results: Early and late recurrences occurred in 130 and 74 patients, respectively, and the 12th month was confirmed as the optimal cut-off time point for early and late recurrences. Cox's proportional hazards regression model showed that microvascular invasion (HR = 2.084, 95% CI 1.115-3.897, P = 0.021), multiple tumors (HR = 2.071, 95% CI 1.185-3.616, P = 0.010), abnormal elevation of serum CA19-9 (HR = 1.619, 95% CI 1.076-2.437, P = 0.021), and the negative hepatitis B status (HR = 1.650, 95% CI 1.123-2.427, P = 0.011) were independent risk factors for early recurrence, and HBV-DNA level > 10 6 IU/mL (HR = 1.785, 95% CI 1.015-3.141, P = 0.044) and a hepatolithiasis history (HR = 2.538, 95% CI 1.165-5.533, P = 0.010) contributed to late recurrence independently.
Background
Intrahepatic cholangiocarcinoma (ICC) ranks the second most common malignancy of the liver, accounting for 10-15% of all primary liver cancers with an increasing trend of new incidences annually [1] . Hepatectomy has been recognized as the first-line treatment for ICC. However, the prognosis of ICC patients remains dismal due to the aggressive biological behavior of ICC even after curative resection [2, 3] . Previous studies reported that the 5-year recurrence rate was 54.3-77.4% for ICC patients after curative hepatectomy, with a median survival time of 10.5-18.7 months [4] [5] [6] [7] [8] [9] . In addition, intrahepatic recurrence is the most common form of recurrence, followed by intrahepatic recurrence combined with extrahepatic recurrence and exclusive extrahepatic recurrence [10] [11] [12] .
So far, various factors have been found to be associated with postoperative ICC recurrence, including microvascular invasion, preoperative lymph node metastasis, multifocal involvement, and elevation of serum carbohydrate antigen 19-9 (CA19-9) and γ-glutamyl transpeptidase (γ-GT) levels [8, 13] . Some recent studies [14] [15] [16] [17] suggested that specific risk factors and mechanisms were involved in early and late recurrences for hepatocellular carcinoma (HCC) patients after liver resection, reporting that microsatellite, microvascular invasion (MVI), and abnormal elevation of alpha-fetoprotein (AFP) were associated with early recurrence, while cirrhosis and hepatitis activity contributed to late recurrence in HCC. It was therefore postulated that early recurrence might derive from intrahepatic metastasis, while late recurrence was most likely due to multicentric occurrence. Although, risk factors contributing to early or late recurrences of HCC have been studied extensively, specific factors contributing to either early or late recurrence in ICC remain unclear. Data concerning risk factors related to early or late recurrences of ICC may have significant implications for postoperative surveillance after curative resection, knowing that ICC patients with specific risk factors may need different followed-up protocols. The current study aimed to identify specific risk factors for early and late recurrences in ICC patients after radical hepatectomy, and suggest individualized followed-up protocols for ICC patients with specific risk factors.
Material and methods

Patients
Enrolled in the current study were 259 ICC patients who underwent curative hepatectomy at the Eastern Hepatobiliary Surgery Hospital (Shanghai, China) between January 2005 and December 2009. Preoperative diagnoses were based on contrast-enhanced CT or contrast-enhanced MRI findings and serological tumor makers AFP, CA19-9, and carcinoembryonic antigen (CEA). Postoperative diagnoses were confirmed by pathology. It is worth mentioning that quite a few patients with preoperative elevation of serum AFP level were misdiagnosed with HCC, which was later corrected by postoperative pathology. The indications for ICC patients to receive curative liver resection were (1) child's classification of liver function of A or B, (2) tumors involving no more than three liver segments, (3) the absence of portal vein main trunk involvement and extrahepatic metastasis, and (4) the preoperative WHO performance status of 0-1. Curative resection was defined as complete excision of the tumor with a negative microscopic margin and no residual lesion detected by CT or MR imaging a month after surgery. The inclusion criteria for patients in this study were (1) primary liver cancer with no previous history of therapy before surgery, (2) ICC confirmed by postoperative histology, (3) meeting the indications and criteria of curative resection mentioned above, and (4) ICC patients with detailed information with respect to clinicopathology and recurrence. The exclusion criteria were (1) liver lesions confirmed to be combined HCC plus ICC, (2) patients who died during the follow-up period of other causes except tumor recurrence, and (3) patients with incomplete data or beyond the criteria of curative resection.
Analysis of variables
All potential risk factors for early or late recurrences were divided into three groups: host-related, serum makers, and tumor-related. With regard to host-related factors, we assessed gender, age (under or over 60 years), the liver state (cirrhotic or normal), liver function (Child A or B), and history of hepatitis B virus (HBV) infection and hepatolithiasis. HBV infection was defined as HBsAg (+) or hepatitis B virus deoxyribonucleic acid (HBV-DNA) > 10 3 IU/mL. Of the serum makers, we analyzed total bilirubin (TBIL) (≤ 17. 
Follow-up observations
After hospital discharge, the patients were followed-up regularly in the outpatient clinic using a standard protocol every 3 months during the first 2 years, and twice a year afterwards. Follow-up observations included serum level of AFP, CEA, and CA19-9, and abdominal ultrasonography. If there was potential recurrence found, further CT or MRI examination was employed to confirm or exclude it. All patients were followed-up consecutively until October 2014.
This study complied with the ethical guidelines of the Declaration of Helsinki, and analyses were carried out with institutional medical ethical consent in an anonymized database.
Statistical analysis
Piecewise regression model and minimum P value approach were utilized to identify the optimal cut-off time point for early and late recurrences. Continuous variables were compared with the Mann-Whitney U test, while Fisher's exact test was used to compare categorical variables. For continuous variables, clinically applicable cut-offs were chosen for easy interpretation. The cumulative survival time was calculated by using the KaplanMeier method and compared by log-rank test. Cox's proportional hazards regression model was employed to conduct univariate and multivariate analyses of risk factors for early and late recurrences of ICC patients. Statistical significance was defined as P < 0.05. All statistical analyses in this study were performed with software R version 3.0.
Results
Evaluation of the optimal cut-off time point for early and late recurrences A total of 259 ICC patients were enrolled in this study, of whom 204 patients experienced tumor recurrences, with a median recurrence interval of 11.9 months. The clinicopathological characteristics of all patients are shown in Table 1 , and the tumor recurrence rate for all patients is shown in Fig. 1 . The 1-, 2-, and 3-year recurrence-free survival rate was 50%, 34%, and 27%, respectively. Then, we evaluated the optimal cut-off time point for differentiating early and late recurrences preliminarily by piecewise regression model. The results in Fig. 2 demonstrated that the optimal cut-off time point was approximate to the 12th month. In addition, the minimum P value approach was utilized to verify this cut-off point with the minimum P value of 10 −5 on the 12th month (Fig. 3) . In two different ways, we obtained a consistent cut-off point, based on which we defined the 12th month as the optimal cut-off time point for early and late recurrences for ICC patients who underwent curative surgery.
Risk factors for early recurrence
Early recurrence was observed in 130 patients. Cox proportional hazards model is to link the survival time of an individual to the covariates, which makes it possible to find out the most important covariate impact on the survival time of a patient. Thus, Cox's proportional hazards regression model was used to identify independent risk factors for early recurrence. Univariate analysis showed that tumor size, tumor number, satellite nodules, macro-and microvascular invasion, an advanced TNM stage, HBV infection, and elevation of serum ALP, γ-GT, and HBV-DNA levels were related to early recurrence (Table 2) . These variates were then subjected to the multivariate analysis, and the result showed that microvascular invasion, multiple tumors, elevation of serum CA19-9, and the negative HBV status were independent risk factors (Table 3 ) for early recurrence of ICC patients after curative hepatectomy. Abbreviations: HBV-DNA hepatitis B virus deoxyribonucleic acid, ALT alanine aminotransferase, AST aspartate aminotransferase, γ-GT γ-glutamyl transpeptidase, ALP alkaline phosphatase, TBIL total bilirubin, AFP alphafetoprotein, CEA carcinoembryonic antigen, CA19-9 carbohydrate antigen 19-9, E-S Edmondson-Steiner, LNM lymph node metastasis Fig. 1 Cumulative recurrence-free survival curve of 259 ICC patients after curative hepatectomy Fig. 2 The optimal cut-off time point estimated by piecewise regression model
Risk factors for late recurrence
Recurrence after 12 months occurred in 74 patients. Both univariate and multivariate analyses showed that serum HBV-DNA load > 10 6 IU/mL and a hepatolithiasis history contributed to late recurrence independently (Tables 4 and 5 ).
Difference in overall survival (OS) between early-and late-recurrence ICC patients OS differences between early-and late-recurrence ICC patients are shown in Fig. 4 . The 1-, 3-, and 5-year OS rate for early-and late-recurrence patients was 45% vs. 100%, 8% vs. 50%, and 3% vs. 21%, respectively (p < 0.001). Seven patients were lost to follow-up after tumor recurrence, one in early-recurrence group, and six in late-recurrence group.
Discussion
With the advancement in the technique and theory of hepatic surgery, hepatectomy has been regarded as an effective and safe procedure for primary liver cancer patients [18, 19] . But as there is a high recurrence rate after surgery, the prognosis for primary liver cancer patients remains dismal, especially for ICC patients [1, 2, 18, 19] . Previous studies [14, 16] identified time interval from hepatectomy to recurrence as an independent risk factor of OS for HCC patients. Specific risk factors and mechanisms may be involved in early and late recurrences of primary liver cancer after curative therapies. Some studies on HCC [14] [15] [16] [17] have suggested some specific factors contributing to early and late intrahepatic recurrences. They found that early tumor recurrence was mostly associated with tumor-related factors, including microvascular invasion, multiple tumors, and elevation of serum AFP level, while late tumor recurrence was most associated with host-related factors, including liver fibrosis and hepatitis activity. They therefore postulated that early tumor recurrence was combined to intrahepatic metastasis and late tumor recurrence might originate from the remnant liver after hepatectomy. The present study intended to identify the risk factors and mechanisms underlying early and late recurrences in ICC patients after curative liver resection.
Some previous studies [15] [16] [17] set the 24th month as the optimal cut-off time point for early and late recurrences of HCC patients after curative hepatectomy, which is consistent with the opinion of Zhang et al. [20] , who also set the 24th month as the optimal cut-off time point for early and late recurrence of ICC patients after curative resection. Given the aggressive biological characteristics compared with HCC, we suggest the optimal cut-off time point for early and late recurrences should be moved up to an early date. The piecewise regression model and minimum P value approach in our study Fig. 3 The optimal cut-off time point verified in the minimum P value approach seemed to suggest that the 12th month was the optimal dividing point for early and late postoperative recurrences of ICC patients. In addition, compared with HCC, ICC tends to develop lymphatic metastasis and intrahepatic metastasis in earlier stages [1, 2] , and ICC patients usually had a more dismal prognosis than HCC patients. Thus, we divided these postoperative recurrence ICC patients into early-and late-recurrence groups by 12 months.
Our study revealed that multiple tumors, lymph node metastasis, elevation of serum CA19-9 level, and a negative hepatitis B status were independent risk factors associated with early recurrence. Previous studies in HCC patients reported tumor-related factors including microvascular invasion, multiple tumors, lymph node metastasis, and elevation of preoperative serum AFP level were contributing factors of early tumor recurrence, which is consistent with the finding of the present study. These aggressive tumor-related factors are likely to lead to residual tumors or intrahepatic micrometastasis, which could not be detected by contemporary imaging techniques after surgery, and therefore may result in intrahepatic metastasis in future. Elevation of preoperative serum CA19-9 level was also identified as an independent risk factor for early recurrence. Recent studies [21, 22] showed that elevation of serum CA19-9 was related to a high tumor burden and predicted a negative prognosis for ICC patients after surgery. It is interesting to find in the current study that the negative status of hepatitis B was an independent factor contributing to early tumor recurrence; in other words, hepatitis B activity was a favorable prognostic factor for ICC patients, which is contradictory to the finding of some recent studies reporting that HBV infection increased the risk of ICC incidence [23] [24] [25] . However, we found that HBV-related ICC patients had a better prognosis compared with ICC patients without HBV infection. Some studies [25] suggested that HBV-associated ICC and HCC may share a common carcinogenetic process. Maybe, HBV-associated ICC is a special category of ICC. Abbreviations: ALT alanine aminotransferase, AST aspartate aminotransferase, ALP alkaline phosphatase, γ-GT γ-glutamyl transpeptidase, TBIL total bilirubin, HBV-DNA hepatitis B virus deoxyribonucleic acid, AFP alpha-fetoprotein, CEA carcinoembryonic antigen, CA19-9 carbohydrate antigen 19-9, E-S EdmondsonSteiner, LNM lymph node metastasis. There were statistically significant differences for data in Italics (p < 0.05)
To sum up, our results demonstrated that tumor recurrence at an early phase was mainly due to residual microlesions or intrahepatic micrometastasis. A more regular follow-up protocol is recommended for ICC patients with these risk factors after liver resection. Unlike factors affecting early tumor recurrence, factors related to late-phase recurrence were mainly host-related factors, including a history of hepatolithiasis and serum HBV-DNA load > 10 6 IU/mL. While HBV infection acted as a favorable factor for tumor early phase recurrence, HBV-DNA level > 10 6 IU/mL was associated with tumor late recurrence. However, HBV-DNA level to a large extent reflects the grade of hepatitis activity. This result was consistent with previous studies in HCC which showed that the grade of hepatitis activity was closely correlated with late-phase recurrence [15] . The present study showed that a hepatolithiasis history was another risk factor affecting late tumor recurrence. Hepatolithiasis is the main risk factor contributing to the incidence of ICC. Long-term chronic infection of the biliary tract secondary to hepatolithiasis would lead to chronic inflammation of biliary epithelial cells. In such a microenvironment, ICC was easy to revive [26] [27] [28] . These two etiology-related factors may reflect increased carcinogenicity of the background liver status after curative hepatectomy. Our findings support the hypothesis that late recurrence was mainly attributed to a second primary lesion from the remnant liver.
The current study also revealed that the interval from surgery to recurrence was a risk factor affecting the prognosis of ICC patients after curative hepatectomy. Compared with early-recurrence patients, patients in the late-recurrence group had obviously better OS.
The current study has several limitations. First, the retrospective nature of this study had its own disadvantages. There may have been selection bias in this study. Thus, prospective cohort studies and prediction models are needed to assess the recurrence phase of ICC. Second, as this was a single-center cohort study with a relatively small sample size, the results may not be generalizable. Thus, further multicenter and larger-sample studies are still necessary.
In conclusion, the current study may shed new light on the pathogenesis of early-and late-phase recurrence Abbreviations: ALT alanine aminotransferase, AST aspartate aminotransferase, ALP alkaline phosphatase, γ-GT γ-glutamyl transpeptidase, TBIL total bilirubin, HBV-DNA hepatitis B virus deoxyribonucleic acid, AFP alpha-fetoprotein, CEA carcinoembryonic antigen, CA19-9 carbohydrate antigen 19-9, E-S EdmondsonSteiner, LNM lymph node metastasis. There were statistically significant differences for data in Italics (p < 0.05) 
